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Description 

This invention relates to a novel polypeptide which enhances the activity of natural killer cells (NK cells) 
in lysing human tumor cells; to a genetic engineering technique reiating to the production thereof; and a 
s drug containing said peptide as an active ingredient. Accordingly, the present invention is useful in the field 
of drugs. 

[Prior Art 

70 It has been known that there are natural killer cells (NK cells) which show a destructive effect on 
specific cancer cells. Thus lymphokines affecting the activity of these NK cells have attracted attention. For 
example, it is reported that intBrleukin-2 and interferon enhance the activity of NK cells [Herberman, R.B., et 
al.. Immunol. Rev., 44, 13 (1979); Vose, B.M., et al., J. Immunol., V30, 768 (1983); Domzig, W., et al.. J. 
Immunol., 130, 1970 (1983)]. 

75 NK cells play various important roles as one of the non-specific host defense systems, for example, the 
first step of defense against cancer cells, suppression of the metastasis of cancer cells, resistance against 
viral infection and regulation of hematopoiesis in bone marrow [Kumagai, K. and Ito, K., Nippon Rinsho, 
Special Spring Issue, 42, 859 (1984)]. 

The following facts indicate that NK cells play important roles in the host defense against cancer. 

20 Namely, a nude mouse lacking T cells but having a high NK activity does not always suffer from 
spontaneous or chemically induced carcinogenesis at a high frequency [Rygaard, J. et al., Immunol. Rev., 
28, 43 (1975); Stutman, D., et al., Science, 183, 534 (1974)]; and the metastasis of transplanted cancer cells 
is promoted in a beige mouse having T cells but a genetically low NK activity [Shimamura, K. and Tamaoki, 
K., Jikken Igaku, 2, 398 (1984); James, E., Talmadge, et al., Nature, 284 , 622 (1980)] and a mouse having 

25 an artificially lowered NK activity [Shimamura, K. and Tamaoki, K., Jikken Igaku, 2, 398 (1984)]. 

Sistara et al. reported that an NK cell activity enhancing factor different from interleukin-2 is produced 
and liberated from mouse thymocytes [Sitara, K., Ichimura, O., Mitsuno, T. and Osawa, J., Immunol., 134, 
1039 (1985)]. 

Some of the present inventors presumed the presence of a lymphokine capable of activating NK cells, 

30 established several cell lines of lymphokine producing human T cell hybridomas and demonstrated the 
presence of some lymphokines such as a macrophage migration inhibitory factor (MIF) and a macrophage 
activating factor (MAF) [Kobayashi, Y., Asada, M., Higuchi, M. and Osawa, T., J. Immunol., 128 , 2714 
(1982); Asada, M., Higuchi, M., Kobayashi, Y. and Osawa, T., Cell. Immunol., 77, 150 (1983); Higuchi, M., 
Asada, M., Kobayashi, Y. and Osawa, T., Cell. Immunol., 78, 257 (1983)]. 

35 In particular, they found that a human T cell hybridoma obtained from human T cells treated with 
keyhole limpet hemocyanin could produce a completely novel NK cell activating factor, which will be 
abbreviated to NKAF hereinbelow, different from any known lymphokine, as disclosed in Japanese Patent 
Laid-Open No. 97224/1986. In this invention, however, the obtained NKAF was a natural product per se and 
the amino acid sequence thereof as a peptide was not clearly specified. 

40 In order to apply an NKAF as a drug on an industrial scale, it is necessary to clarify the amino acid 
sequence thereof as a peptide and to mass-produce it as a genetic recombination product obtained through 
a genetic engineering technique. 

Thus the present inventors have attempted to isolate and identify the NKAF which enhances the activity 
of NK cells so as to obtain its gene. 

45 Accordingly, it is a first object of the present invention to purify the natural NKAF disclosed in the 
Japanese Patent Laid-Open No. 97224/1986 and to specify the partial amino acid sequence thereof, t is a 
second object of the present invention to select a specific cDNA clone from a cDNA library prepared from 
the mRNA of the human T cell hybridoma based on the abovementioned sequence to thereby finally obtain 
. a recombinant NKAF product. 

so As the first step for achieving the above-mentioned objects the present inventors purified the natural 
NKAF by immuno-affinity column chromatography and specified the partial amino acid sequence thereof. 

Next, they selected a desired cDNA clone from a cDNA library prepared from the mRNA of the human 
T cell hybridoma (C-108) based on the amino acid sequence (KR-21) specified above. Subsequently the 
amino acid sequence of the NKAF was specified from the base sequence of the cDNA clone pNK8308 thus 

55 obtained. Further the recombinant NKAF was manifested and its activity was confirmed. 

Based on these findings, they have conducted further examination, thus completing the present 
invention. 

Now the present invention will be described in detail. 
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70 



75 



20 



30 



35 



( Summary of the Invention ) 

The invention provides a recombinant natural killer cell activating factor having a peptide of the 
following amino acid sequence in its molecule. The invention provides a cDNA coding for a recombinant 
natural killer cell activating factor, a manifestation plasmid involving the cDNA, a host transformed with the 
plasmid, an antitumor agent containing the recombinant natural killer cell activating factor and a pharmaceu- 
tical composition which comprises a pharmacologically effective amount of the antitumor agent and a 
pharmacologically acceptable carrier. 



10 

LeuHisLeuArgSerGluThrSerThrPheGluThrProLeu 

20 . - 

Gl yAlaLysThrLeuProGluAspGluGluThrProGluGIn 

30 40 
GluMetGluGluThrProCysArgGluLeuGluGluGluGlu 

50 

GluTrpGlySerGlySerGluAspAlaSerLysLysAspGly 

60 70 
AlaValGluSerll eSerValProAspMetVa lAsplysAsn 

80 

LeuThrCysProGluGluGluAspThrValLysValValGly 
90 

25 I leProGlyCysGlnThrCysArgTyrLeuLeuValArgSer 

ioo no 
LeuGlnThrPheSerGlnAlaTrpPheThrCysArgArgCys 

120 

TyrArgGl yAsnLeuValSer I leHisAsnPheAsnl leAsn 

130 140 
TyrArgI leGlnCysSerValSerAlaLeuAsnGlnGlyGln 

150 

ValTrpIleGlyGlyArgI leThrGlySerGlyArgCysArg 
160 

ArgPheGlnTrpValAspGlySerArgTrpAsnPheAlaTyr ' 

170 180 
TrpAlaAlaHisGlnProTrpSerArgGlyGlyHisCysVal - 

190 

40 A.laLeuCysThrArgGlyGlyTyrTrpArgArgAlaHisCys 

200 206 
LeuArgArgLeuProPhell eCysSerTyr 

45 The final target product of the present invention may be produced through genetic engineering 
techniques. 

Therefore a cDNA coding for the recombinant NKAF of the present invention and a manifestation 
plasmid containing said cDNA as an alien gene and obtained by linking in such a manner as to enable the 
regulation and manifestation in a selected host, both of which are intermediates required in the production 
so of the final target product of the present invention, constitute the present invention together to thereby 
contribute to the solution of the same problem. 

A preferred cDNA is the cDNA according to Claim 3, furthermore, a host transformed with said 
manifestation plasmid also constitute the present invention like the abovementioned cDNA and manifesta- 
tion plasmid. As the host, Escherichia coli , yeasts and animal cells such as BHK cells and CHO cells may 
55 be employed. 

An example of an E. coli strain carrying the cDNA is one discriminated as XLI-Blue/pNK 8308 B which 
will be described in Example 1. The strain has been deposited with Fermentation Research Institute as 
FERM P-10161, now transferred to the international deposit, FERM BP-2468. 
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The recombinant NKAF of the present invention, i.e., the final target product has an antitumor activity, 
as will be shown in Examples hereinafter. 

Similar to the natural NKAF which is available as an active ingredient of a drug composition and applied 
to medical uses, therefore, the recombinant NKAF of the present invention may be used as an active 
5 ingredient of a drug composition to thereby apply its activity to therapeutic purposes. 

In this case, said drug composition may be usually formulated into an intravenous injection. 

The injection may be prepared in a conventional manner employed in the art in the formulation of a 
trace amount of a physiologically active substance into an injection. 

For example, the recombinant NKAF of the present invention may be formulated into an aqueous 
w solution either alone or together with appropriate filler(s) or solubilizing agent(s), filtered under sterile 
conditions, packed lyophilized and combined with an aqueous solution for dissolution. Thus an injection 
which is to be dissolved at use may be prepared. 

[Method] 

15 

Now the production and determination of the natural NKAF will be described. 
1. Production of purified natural NKAF: 

20 In order to produce the recombinant NKAF, the purification of the natural NKAF and the analysis of its 
structure are conducted in the following manner. 

Natural NKAF may be purified from a serum-free culture supernatant of a clone C-108 line of natural 
NKAF-productng human T cell hybridoma KC-8-1-10 (cf. Japanese Patent Laid-Open No. 97224/1986) 
through various methods including ion exchange chromatography, gel filtration chromatography, affinity 

25 chromatography and high performance liquid chromatography. 

The determination of the N-terminal amino acid sequence of the purified NKAF thus obtained and the 
amino acid sequence of a purified NKAF fragment peptide obtained by enzymatically digesting the same 
with trypsin enable the cloning of the cDNA. 

The effect of the NKAF in enhancing the NK activity may be determined by utilizing the activity of 

30 plastic nonadherent human peripheral blood lymphocytes (plastic nonadherent PBLs) in killing human 
cancer cell line K-562 cells (NK activity) as the guiance. Namely, a sample is subjected to double-serial 
dilution with an RPMI-1640 medium containing 10% of fetal calf serum (10% FCS-RPMI-1640). 50-ul 
portions of the diluted samples were introduced into a 96-wetl microplate. Next 1 x 1 0^/50 ul of the plastic 
nonadherent PBLs were added thereto and incubated therein at 37'C for 16 hours. Then 1 x 10*/100 ix\ of 

as a 51 Cr-labeled K-562 cell suspension was added thereto and incubated therein at 37 *C for additional four 
hours. 

Separately, 100 ul of the 10% FCS-RPMI-1640 medium was incubated for 16 hours and then 100 ul of 
a 51 Cr-labeled K-562 cell suspension was added thereto, followed by incubating for additional four hours as 
a control. The released 51 Cr in 100 ill of the incubation is determined. 

40 

NK activity (%) = 
(b - a)/(c - a) x 100 

In the above equation, b represents liberated 51 Cr (cpm) of the sample; a represents liberated 51 Cr 
45 (cpm) of the control; and c represents total 5, Cr (cpm) in 100 ul of the 5l Cr-labeled K-562 cell suspension 
(lO^/mt). The determination is to be conducted triplicate and the mean value is calculated. 

The NKAF activity corresponding to 50% of the maximum enhancing effect under these conditions may 
be defined as 1 U. 

An example of the production of the natural NKAF is as follows. 

so 

(1 ) Purification of natural NKAF: 

A human T cell hybridoma KC8-1-10 C-108 line was grown in a 10% FCS-RPMI-1640 medium in a 10-1 
glass jar until the cell density reached 1 to 2 x 10 6 cells/ml. 
55 After the completion of the incubation, the cells were collected by centrifugation and washed with RDF 
medium. The washed cells were suspended in the RDF medium in such a manner as to give a density of 1 
x 10 6 cells/ml. The obtained suspension was continuously incubated in a glass jar at 37 *C for 14 to 20 
days. 
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The supernatant was continuously replaced with a fresh one at a rate of 10 I/day and the target NKAF 
was purified from the NKAF-containing supernatant by the following method. 

200 I of the serum-free culture supernatant was filtered through a glass fiber filter paper GF/F available 
from Whatman Inc. to remove cell debris. The filtrate was eluted through a column packed with sepabeads 
5 SP-900 available from Mitsubishi Chemical Ltd., a gel volume of 2 I. at a flow rate of 25 l/hr to remove 
hydrophobic low molecular weight substances such as phenol red. The eluates were pooled and the electric 
conductivity thereof was adjusted to that of a 10 mM Tris-HCI buffer (pH 8) containing 0.2 M of NaCI. Then 
it was treated with a DEAE-Sepharose column (mfd. by Pharmacia; gel vol.: 2 i) equilibrated with the 10 mM 
Tris-HCI buffer (pH 8) containing 0.2 M of NaCI at a flow rate of 12 l/hr. This column was washed with the 
io same buffer and then eluted with a 10 mM Tris-HCI buffer (pH 8) containing 0.6 M of NaCI. 

4 I of the eluted fraction showing the NKAF activity was concentrated approximately 1000-fold on an 
ultrafiltration membrane (YM-5, mfd. by Amicon). The concentrated fraction was then treated with a 
Sephadex G-75 gel filtration column [mfd. by Pharmacia; 50 (i.d.) x 900 mm] equilibrated with a 0.1 M 
aqueous solution of NhUHCOs at a flow rate of 100 ml/hr to thereby remove high molecular weight 
75 substances such as nucleic acids. Active fractions were pooled and combined. The combined active 
fractions (approximately 900 ml) were concentrated approximately 20-fold on a YM-5 membrane and then 
lyophilized. 

The lyophilized matter thus obtained was then dissolved in 5 ml of a mixture of 0.1 M CH 3 COONa 
buffer (pH 5) with 0.1 M Na 2 S0 4 buffer (pH 5) (1 : 1). 
20 The solution thus obtained was adsorbed by a Phenyl-5PW-RP column for fractionation [mfd. by Tosoh, 
21.5 0 x 150 mm]. Then it was eluted by using eluent A [0.1 M CH 3 CO0Na buffer(pH 5)/0.1 M Na 2 S0 4 
buffer (5.0) = 1/1] and eluent B [eluent A/CH 3 CN = 1/1]. 

The elution was conducted by linearly increasing the proportion of the eluent B from 0 to 100% within 
three hours to thereby elute the NKAF. 
25 Thus the main fraction was eluted during the retention time of 100 to 110 minutes and some portion 
thereof was eluted during 110 to 140 minutes under the above conditions. 

It was confirmed that these active fraction could react with monoclonal antibodies, which will be 
described hereinafter, by EIA. 

Thus the main active fractions eluted during the retention time of 100 to 110 minutes were collected, 
30 lyophilized and were obtained the partially purified natural NKAF. 

Brief Description of the Drawings: 

Fig. 1 is a chromatogram which shows the result of the purification of the natural NKAF by a 
35 monoclonal antibody column. 

Fig. 2 shows EIA with two monoclonal antibodies. 

Fig. 3 is a chromatogram which shows the result of the purification of the NKAF by reverse phase 
HPLC. 

Fig. 4 shows the result of SDS-PAGE. 
40 Figs. 5 and 6 show each the amino acid sequence of a peptide chain. 

Fig. 7 shows the result of the separation and isolation of the C-terminal peptide. 
Fig. 8 is the restriction enzyme cleavage map of the cDNA clone. 

Fig. 9 shows the base sequence of the cDNA of pNK 8308 and the amino acid sequence of NKAF 
deduced therefrom. 

45 Fig. 10 shows the construction process of pNK 8602 by utilizing pcD vector. 

(2) Preparation of monoclonal antibody for natural NKAF and its column: 

The partially purified natural NKAF obtained by the above process (1), which was used as an 
50 immunizing antigen, was mixed with Freund's complete adjuvant to thereby give an emulsion. 0.2 ml/animal 
of this emulsion was intraperitoneally administered to mice thrice to thereby immunize these animals. 

Next, the partially purified natural NKAF was administered to mice through the tail veins and the spleen 
of each animal was taken out three days thereafter. The spleen cells thus obtained was fused with mouse 
myeloma cells X63-Ag 8,6,5,3 (Flow Lab.) by using 45% polyethylene glycol 3350 (mfd. by Sigma). 
55 Subsequently the fused cells were grown in a conventional manner [Galfre\ G. and Milstein, C. et al., 
Methods in Enzymology, 73, 3 (1981)]. 

Then two types of hybridoma cells 19-E-7 and 29-C-8 producing an antibody absorbing the NKAF 
activity were selected. 



6 



EP 0 357 067 B1 



The obtained hybridoma cells were transplanted into the abdominal cavities of mice, to which 0.5 ml 
portions of pristane of Aldrich had been intraperitoneally administered one week or more before, and the 
ascites fluid pooled in the abdominal cavity of each animal was collected. 

Both of the two monoclonal antibodies (29-C-8 and 19-E-7) were IgGi . 

The obtained monoclonal antibody was purified by using protein A-agarose of Repligen and reacted 
with cyanogen bromide-activated Sepharose 4B (mfd. by Pharmacia) to thereby give an immobilized 
monoclonal antibody gel. 

2. Structural analysis of highly purified natural NKAF: 

The partially purified natural NKAF (Sephadex G-75 fraction) obtained in the above was subjected 
to affinity chromatography with the use of the immobilized monoclonal antibody gel prepared in the above 
item (2) and the active fraction was collected (cf. Fig. 1). 

The obtained product was a highly purified natural NKAF having a specific activity of approximately t x 
10 s U/mg of protein. 

The properties of this product were analyzed and thus the following results were obtained. 
(1) Amino acid composition analysis: 

The desalted natural NKAF was solidified by drying on the bottom of a small test tube for hydrolysis. 
Then this tube was placed in a glass vial and 500 i±l of 6 N HCI was poured into the bottom of the vial. 
Next, the material was evacuated together with the vial, and hydrolyzed with hydrochloric acid at 110* C for 
24 hours. The NKAF hydrolyzate thus obtained was analyzed with an amino acid analyzer 6300 of Beckman 
System. 

Table 1 shows the results. 



Table 1 



Amino acid analysis 




Found 


Calculated 


Asx 


14.0 


14 


Thr 


11.5 


13 


Ser 


13.2 


16 


Glx 


29.3 


29 


Pro 


8.0 


9 


Gly 


16.4 


17 


Ala 


10.0 


10 


Cys 


9.8 


12 


Val 


11.1 


12 


Met 


2.1 


2 


lie 


7.6 


8 


Leu 


14.9 


14 


Tyr 


4.7 


6 


Phe 


6.6 


7 


His 


4.2 


5 


Lys 


5.5 


5 


Arg 


21.2 


19 



EP 0 357 067 B1 



(2) Sugar composition analysis: 

The neutral sugar content of the obtained natural NKAF determined by the orcinol-suifuric acid method 
was approximately 120 ug/mg of protein. The content of uronic acid therein determined by the carbazole- 
5 sulfuric acid method was approximately 300 ug/mg of protein. 

Next, the sugar composition of the natural NKAF was analyzed. Table 2 shows the results. 

Thus it was confirmed that the obtained natural NKAF was a glycoprotein containing a large amount of 
O-glycoside type sugar chains (mucopolysaccharides and mucin type sugar chains). 

to Table 2 



Sugar composition 


Sugar 


Content (ug/mg of protein) 


N-Acetylglucosamine or N-acetylgalactosamine 


68 ug 


Mannose 


I4ug 


Galactose 


55 ug 


Sialic acid 


54 ug 



(3) Determination of NKAF by EIA 

A well was coated with one of the two monoclonal antibodies, 29-C-8, and washed. Then the NKAF was 
added thereto and allowed to react at room temperature for one hour. Next, another monoclonal antibody 
19-E-7, which had been biotinized, was added thereto and the mixture was allowed to react at room 
temperature for one hour. After washing, avidin-peroxidase is further added thereto and the obtained 
mixture was allowed to react at room temperature for 30 minutes. After washing, a solution of o- 
phenylenediamine. i.e. the substrate, was added. Then color was developed at room temperature. 15 
minutes thereafter, the reaction was ceased with 1 N HCI and the absorbance (OD492) was measured. Fig. 2 
shows a calibration curve thus formed. 

(4) Removal of sugar chains: 

Since the NKAF contained a number of sugars, the removal of sugar chains was examined for 
sequencing amino acids. 

The analysis was conducted through SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis) and Western-immunoblotting. More precisely, the desalted and purified NKAF was treated with 
sialidase, O-glycanase, chondroitinase and heparitinase and it was examined by the SDS-PAGE whether 
sugar chains were incised thereby or not. 

No change was observed before and after the treatment with heparitinase. The molecular weight of the 
main band of the NKAF was lowered by treating with sialidase or O-glycanase, though the smear did not 
disappear. When chondroitinase was used, the smear disappeared and a main band was observed at 35 
KD. It was confirmed by the Western immunoblotting that this band ractaed with the anti-NKAF monoclonal 
antibody and rabbit anti-NKAF antibody. The activity was sustained after the treatment with chondroitinase. 

The desalted and purified NKAF was subjected to reductive carboxamidomethylation and dissolved in 
100 mM Tris-HCI buffer (pH 8) containing 0.5 U of chondroitinase and 30 mM CH 3 COONa. Then it was 
allowed to react at 37* C for 60 minutes to thereby incise the chondroitin sulfate chain. 

The reaction mixture was purified by reverse phase HPLC using a Vydac C4 column and 0.1% TFA 
(trifluoroacetic acid)/CH3CN System as a solvent while linearly alterning the proportion of the CHaCN from 0 
to 100% within 30 minutes at a flow rate of 1.5 ml/min (cf. Fig. 3). 

When Fr.1 and Fr.2 on the chromatogram of Fig. 3 were subjected to the SDS-PAGE, Fr.1 showed a 
monoband at 35 KD while Fr.2 showed a smear band exceeding 35 KD (cf. Fig. 4). Fr.2 was dissolved in 50 
mM Tris-HCI (pH 9) containing 6 M of guanidine hydrochloride and subjected to reverse phase HPLC. As a 
result, Fr.2 migrated toward Fr.1, suggesting that Fr.2 was an aggregation product of Fr.1. 
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(5) Analysis of N-terminal amino acid sequence: 

The N-terminal amino acid sequence was analyzed by using Fr.1 of Fig. 3. Thus 28 N-terminal residues 
starting from leucine were specified as follows. 

5 

Leu-His-Leu-Arg-Ser-Glu-Thr-XXX-XXX-Phe-Glu- 
XXX-Pro-Leu-Gly-Ala-Lys-Thr-Leu-Pro-Glu-Asp- 
10 Glu-Glu-Thr-Pro-Glu-Gln . 

No amino acid appeared on the 8th, 9th and 12th residues. Thus it was assumed as Ser or Thr to which 
an O-glycoside type sugar chain was bound. 

75 

(6) Peptide mapping of natural NKAF enzymatically digested with trypsin 

Fr.1 of Fig. 3 was dissolved in 0.1 M ammonium hydrogen-carbonate (pH 8) containing 2 M of urea and 
trypsin was added thereto. The obtained mixture was allowed to react at 37 *C for 16 hours. After the 
20 completion of the reaction, the reaction mixture was purified by reverse phase HPLC using a Vydac C4 
column and a solvent system of 0.1% TFA/CH 3 CN wherein the proportion of the CH 3 CN was linearly 
altered from 0 to 60% within 1 hour at a flow rate of 1 .5 ml/min. 

The amino acid composition and amino acid sequences of the 21 peptide fragments thus obtained were 
analyzed {cf. Table 3). 

25 



30 



35 



40 



45 



50 



55 
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Table 3 amino acid sequence of peptides digested with 
trypsin 



KR-1 


Ue-Thr-Gly-Ser-Gly-Arg 


KR-2 


Ala-His-Cys-leu-Arg 


KR-3 


Arg-Al a-H i s-Cys-leu-Arg 


KR-5 


Leu-Hi s-Leu-Arg 


KR-6 


Gly-Gl y-H i s-Cys-Va 1-A1 a-Leu-Cy s-Thr-Arg 


KR-7 


Gly-Gly-Tyr-Trp-Arg 


KR-8 


Val-Val-Gly-Ue-Pro-Gly-Cys-Gln-Thr-Cys-Arg 


KR-9 


Leu-His-Leu-Arg-Ser-Glu-Thr-Xxx-Xxx-Phe-Glu-Xxx-Pro-Leu- 
Gly-Ala-Lys 


KR-10 


Tyr-Leu-Leu-Val-Arg 


KR-11 

11,1 * * 


Phe-Gln-Trp-Val-Asp-GIy-Ser-Arg 


KR-12 


Arg-Phe-G 1 n-Trp-Val-Asp-Gl y-Ser-Arg 


KR-13 


Asp-Gly-Ala-Val-Glu-Ser-He-Ser-Val-PrD : Asp-Met-Val-Asp- 
Lys 


KR-14 


Ile-Gln-Cys-Ser-Val-Ser-Ala-Leu-Asn-Gln-Gly-Gln-Val-Trp- 
lle-Gly-Gly-Arg 


KR-15, 18 


Thr-Leu-Pro-Glu-Asp-Glu-Glu-Thr-Pro-Glu-Gln-Glu-Met-Glu- 
Glu-Thr-Pro-Cys-Arg 


KR-16 


Gly-Asn-Leu-Val-Ser-lle-His-Asn-Phe-Asn-I le-Asn-Tyr-Arg 


KR-17 


Arg-Leu-Pro-Phe-Ile-Cys-Ser-Tyr 


KR-19, 20 


Ser-Leu-G 1 n-Thr-Phe-Ser-G 1 n-Al a-Trp-Phe-Thr-Cy s-Arg 


KR-21 


Trp-Asn-Phe-Ala-Tyr-Xxx-Ala-Ala-His-Gln-Pro-Trp-Ser-Arg 



All of the amino acid sequences of the analyzed peptide fragments were identified on the cDNA 
sequences of the recombinant NKAF which will described hereinbelow {cf. Figs. 5 and 6). 

(7) C-terminal amino acid sequence: 

The tryptic peptides were passed through an anhydrotrypsin agarose column equilibrated with 0.05 M 
sodium carbonate (pH 5) containing 0.02 M calcium chloride and unadsorbed fractions were collected. The 
collected fractions were subjected to reverse phase HPLC under the above conditions to thereby separate 
the C-terminal peptide fragment (cf. Fig. 7). 
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As the result of amino acid sequence analysis, the amino acid sequence of this peptide fragment was 
determined to be Arg-Leu-Pro-Phe-lle-Cys-Ser-Tyr which agreed with the amino acid sequence of KR-17. 

{Example] 

5 

Based on the amino acid sequence of the trypsin-hydrolyzed fragments of the purified specimen of the 
natural NKAF, as described above, the base sequence of the mRNA coding for the NKAF is estimated and 
a DNA oligomer corresponding thereto is synthesized. Next, a cDNA clone having a sequence coding for 
the NKAF is selected by screening through hybridization of a cDNA library originating from the mRNA of C- 
w 108 cells with the use of the above-mentioned oligomer as a probe. 

To further illustrate the present invention, the following Examples will be given. 

Example 1 
is (1) Isolation of mRNA: 

1.2 x 10 9 cells of KC-&-1-10 C-108 line, which had been stimulated with 4 ul/ml of poke weed mitogen, 
PWM of GIBCO, in RPMI-1640 medium for eight hours, were collected and RNA was extracted therefrom 
by a method reported by Chirgwin et al. [Chirgwin, et al., Biochemistry, 18, 5294 (1979)]. 
20 3 parts by volume of the extract was then overlaid onto 1 part by volume of a 5.7 M CsCI-0.1 M EDTA 
solution and centrifuged at 26000 rpm at 25 * for 36 hours with an ultracentrifuging machine (SRP 28 SA 
Roter; mfd. by Hitachi). Thus the aimed RNA was collected in the form of pellets. 

The RNA thus obtained was dissolved in 10 mM Tris-HCI buffer (pH 7.4) and ethanol was added 
thereto. The obtained mixture was allowed to stand at -70 * C for an hour. The RNA was precipitated by 
25 centrifugation and then dissolved in 10 mM Tris-HCI (pH 7.4). Further 0.5 M KCI was added thereto. 

The obtained mixture was an oligo-(dT)cellulose column [20 mm 0 x 150 mm] equilibrated with the 
same buffer. After thorough washing with 0.5 M KCI and 10 mM Tris-HCI, the mRNA was eluted with a 10 
mM aqueous solution of Tris-HCI. 

500 ug of the mRNA originating from the C-108 cells was overlaid on 15 ml of a solution containing a 
30 sucrose concentration gradient of 10% to 28% in 50 mM of Tris-HCL having pH of 7.4, 0.2 M of NaCI and 1 
mM of EDTA. The resulting mixture was centrifuged at 26000 rpm and at 20 *C for 16 hours with an 
ultracentrifuging machine (SRP 28 Roter; mfd. by Hitachi). 

The obtained mixture was fractionated by 500-ul portions and ethanol was added to each fraction to 
thereby precipitate the mRNA. 
35 The mRNA in each fraction was dissolved in sterilized water in such a manner as to give an mRNA 
concentration of 1 ug/ml. 

Fractions containing mRNA of approximately 2 to 0.5 kb in size were collected and subjected to the 
subsequent reaction for synthesizing the cDNA. 

40 (2) Formation of cDNA library: 

The cDNA was synthesized according to a method reported by U. Gubler et al. [Gubler, U., et al., Gene, 
25, 263 (1983)]. 

Namely, 1 ug of the purified mRNA was treated with an Amersham cDNA synthesizing kit (code No. 
45 RPN 12560 of Amersha. 

The double-stranded cDNA was passed through a Sepharose CL-6B column and methylated by using a 
modifying enzyme EcoRI methylase. To the cDNA thus methylated was linked EcoRI linker (pGGAATTCC). 
Next, the material was incised with EcoRI to thereby give an EcoRI cohesive end. This cDNA was passed 
through a Sepharose CL-6B column to thereby remove the excessive EcoRI linker, 
so The cDNA thus purified was linked to Xgt 11, which had been incised with EcoRI and treated with 
phosphatase, at a molar ratio of 0.8 : 1 and packaged in phage particles. Thus a cDNA library comprising 8 
x 10 s to 1.4 x 10 7 clones was obtained. 

This phage was plated onto ten plates of 15 cm in diameter and grown thereon. Thus 160 ml of a 
phage solution of a concentration of 10 11 pfu/ml was obtained. 
55 Approximately 90% of the clones in the library had inserts. Eight clones, among ten selected at 
random, involved inserts of 300 bp to 2 kbp. The average size of these inserts was 1 .2 kbp. 
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(3) Preparation of DNA probe: 

A probe corresponding to the first 12 residues ranging from tryptophan to tryptophan of the amino acid 
sequence of the trypsin-hydrolyzed fragment KR-21 (W-N-F-A-Y-X-A-A-H-Q-P-W-S-R) of the natural NKAF 
5 was prepared. 

The unidentified residue X in the above sequence was tentatively assumed to be Ser. If a sugar chain 
would be bound to this residue, it should be Ser or Thr. However the analysis of the amino acid 
composition indicated that this sequence involved no Thr. Thus a probe was prepared based on the 
assumption that it was Ser. 

jo On the other hand, the sequence of the mRNA coding for KR-21 was estimated by reference to a study 
on the frequency of the use of human genetic codons [Lathe, R., J. Mol. Biol., 183, 1 (1985)] and a DNA 
hybridization probe PKR-21 comprising 36 nucleotides complementary therewith was designed. 
The sequence of the PKR-21 was as follows: 
5'CCATGGCTGGTGGGGCAGCAGAGTAGGCAAAGTTCCA3'. 
15 It was synthesized by using an automatic DNA synthesizer (mfd. by Applied Biosystems). This probe was 
5'-end labelled with 7 - 32 P-ATP and T4 polynucleotide kinase in a conventional manner. 

(4) identification of the cDNA clones containing the coding sequence of NKAF: 

20 Approximately 160,000 recombinant phages were screened from the Xgt 11 cDNA library by the DNA 
hybridization method with the use of the 32P-labeled PKR-21 probe. 

Ten square plates (10x1 4cm) were plated with recombinant phages, with approximately 16,000 plaquls 
formed on each plate. These plaques were transferred onto nitrocellulose membranes in a conventional 
manner [Mariatis, T. et al., "Molecular Cloning", 320 - 321 p, Cold Spring Harbor Laboratory (1982)) to 

25 thereby denature and immobilize the DNA. 

These membranses were pre-hybridized in 6 x SSC [1 x SSC = 150 mM NaCI, 15 mM sodium citrate 
(pH 7)], 50 mM sodium phosphate (pH 7), 5 x Denhardt's (100 x Denhardt's = 2% bovine serum albumin, 
2% polyvinylpyrrolidone, 2% Ficoll) and 100 micrograms per ml calf thymus DNA at 58 degree C for two 
hours. 

30 Next, it was hybridized with the 32 P-labeled PKR-21 probe in 6 x SSC, 50 mM sodium phosphate (pH 7) 
and 5 x Denhardt's at 58 *C for approximately 12 hours and washed with 6 x SSC-50 mM sodium 
phosphate at room temperature for 10 minutes twice, at 58 'C for 30 minutes twice and at 65 *C for 45 
minutes once. Then clones capable of hybridizing with the pKR-21 were detected by autoradiography. 

As a result, approximately 30 plaques were separately hybridized with the PKR-21. cDNAS were incised 
as from four clones, among the abovementioned ones, with EcoRI and subcloned in a plasm id vector 
pBluescript ® Ks, M13 + (mfd. by Stratagene, to thereby give pNK 8302, pNK 8303, pNK 8306 and pNK 
8308 (deposited with Fermentation Research Institute as FERM P-10161, now transferred to the before 
mentioned international deposit). 

The base sequences of these cDNA inserts were partially determined by the dideoxy chain termination 
40 method [Smith. A., Method in Enzymol., 65. 560; Sanger, F. et al., Proc. Acad. Sci.. 74, 5463 (1977)]. As a 
result, it was found that all of them were cDNAs having various lengths involving sequences coding for the 
amino acid sequence of the NKAF. Fig. 8 shows the restriction enzyme cleavage maps of them. 

Among these cDNAs, the longest one (pNK 8308) had a sequence of 850 bp except poly (A), in which 
an open reading frame (ORF) (666 bp) starting from an initiator codon and continuously coding 222 amino 
45 acid residues was observed (cf. Fig. 9). In this ORF, the peptide sequence of the KR-21 was identified as a 
fragment ranging from 164 W to 177 R. However the residue X unidentified in the KR-21 was not S but W. 

Other trypsin-hydrolyzed peptide sequences were all identified on this ORF, which proved that this 
cDNA originated from the mRNA coding for the NKAF. 

It was known that the N-terminal amino acid sequence of the purified NKAF specimen was 1 L- 2 H- 3 L-*R 

50 , and it was further suggested that the polypeptide encoded by the cDNA pNK 8308 had a highly 

hydrophobic additional sequence consisting of 16 residues before the N-terminal sequence. 

This might be a signal sequence for secreting the NKAF out of cells and incised at the secretion to 
thereby give mature NKAF starting from 'L. 

55 
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Example 2: 

Manifestation of cDNA with COS7 cells: 

5 The pcD vector has the origin of replication and the early promotor of SV 40 viruse. See Okayama, H. 
and Berg., P., Mol. Cell. Biol., 3, 280 (1983). When the cDNA is integrated into the downstream of the 
promotor and introduced into a cell strain COS7, disclosed in Glutzman, Y., Cell., 231^, 75(1981), producing 
the T antigen of the SV40, the recombinat plasmid is amplified and which induced intense transient 
manifestation of the cDNA is induced. 

io A Bgl ll-Xho I fragment involving the whole coding region of NKAF cDNA was excised from the full- 
length clone pNK 8308 B, and linked to the pcDVI vector cleasved with Xho I and Hind III, together with a 
Hind Ill-Bam H I fragment of pU to thereby form pNK 8602. See Fig. 10. Refer to Okayamam H. and berg, 
P., Mol. Cell. Biol.. 3, 280 (1980). 

The cDNA was integrated into the downstream of the promotor in the correct orientation. 

75 The plasmid DNA of the pNK 8602 was prepared and transfected to COS7 cells by the DEAE-dextran 
method [Yokohama, T. et al., Proc. Natl. Acad. Sci., 82. 68 (1985)). The cells thus transfected produced 
NKAF in the culture supernatant approximately one day after transfection and confined the production for 
approximately five days. See Table 4. 
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In the above determination, either DMEM medium containing 5% of FCS or serum-free HL-1 medium 
was available. See Table 5. 
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Tables 



NKAF in culture supernatant of C0S7 cells transfected with pNK 8602 (incubated for 6 days) 


Medium 


Content of pNK 8602 DNA (ug) 


rNKAF (ng/ml) 


HL-1 


6.25 ug 


48±2 


25 ug 


55±4 


100 ug 


54±2 


5% FCS-DME 


25 ug 


46±1 


Note; Determined by EIA with the use of two monoclonal antibodies. 



75 

Example 3 

Manifestation of NKAF in mammalian cell lines: 

20 MTX(methotrexate)-resistant clones were obtained by co-transfecting the pNK 8602 obtained in Exam- 
ple 1 and pSV2-dhfr {Subramani, S., Mulligan, R., Berg, P., Mol. Cell. Biol.. 1, 854 <1931 )] to BHK cells 
{ATCC, CRL 1632 tKts13, Dainippon Seiyaku) either by the elecroporation method (Bio-Rad, Gene Pulser ® 
0.4kV/0.4 cm, 500 uF, 10-15 msec, twice) or the calcium phosphate method (Pharmacia, Cell Phect®) 
followed by selection with 250 nM of methotrexate. 

25 These clones produced approximately 100 to 1 ,000 ng/ml of rNKAF in the medium (cf. Table 6). 

Furthermore, G4l8-resistant clones were obtained by co-transfecting the pNK 8602 together with pSV 2 - 
dhfr and pSV 2 -neo [Southern, P.J. & Berg, P., J. Mol. Appl. Gent., 1_, 327 (1982)] to CHO-KI cells by the 
calcium phosphate method [Kao, FT. & Puck, T.T., Proc. Natl. Acad. Sci., 60, 1275 (1981)] followed by 
selection with 1 mg/ml of G-418. The obtained closes were further cultured in medium containing 5 uM of 

30 MTX to thereby give clones capable of producing approximately 30 to 400 ng/ml of rNKAF (Cf. Table 7). 

Table 6 



NKAF in BHK/pNK 8602«pSV 2 -dhfr clone supernatant 


Clone originating from BHK 


rNKAF (ng/mt) 


1 -7 


1,100 


1 - 20 


370 


1 -21 


1,016 


1 - 105 


1,048 


2-5 


576 


2-42 


798 


2-86 


173 


Note: Determined by EIA. 



55 
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Table 7 



NKAF in CHO/pNK 8602.pSV 2 -dhfr.pSV 2 -neo clone supernatant 


Clone originating from CHO 


rNKAF(ng/-mt) 


3-10 


37 


3-13 


37 


3-2A 


423 


3 - 10A 


313 


3- 13A 


375 


Note: Determined by EIA. 



To illustrate the effects of the present invention, the following Test Examples will be given. 
Test Example 1 

1 . Antitumor activity of natural NKAF: 

Plastic nonadherent PBLs and the NKAF were added to 10% FCS-RPMI-1640 medium and incubated 
therein at 37 *C for 2.5 hours and 16 hours. Then the cytotoxic activity against 5l Cr-labeled K-562, Molt-4 or 
Daudi cells was determined to thereby evaluate the NK-activity enhancing effect of the NKAF. Tables 8 and 
9 show the results, wherein the control was assumed to be 100%. 
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As is apparent from Tables 8 and 9, the natural NKAF showed an effect of enhancing the NK activity 
55 comparable to those of recombinant interleukin-2 (ML-2; mfd. by Shionogi) and interferon-? (lFN- 7 ; mfd. by 
Cellular Products Inc.). 

Plastic nonadherent PBLs were mixed with Raji cells, which had been treated with mitomycin C. and 
incubated in a 10% FCS-RPMI-1640 medium at 37 *C for six days. Then NKAF was added thereto and the 
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incubation was continued for additional one day. 51 Cr-labeled Raji cells were further added thereto and the 
incubation was conducted for four hours. Then 100 ul of the supernatant was collected and the 51 Cr 
radioactivity thereof was measured to thereby examine the activity of killer T cells thus induced by the 
MLTR (mixed lymphocyte tumor cell reaction). Table 10 shows the results. 

Thus it was found that the NKAF could enhance the activity of the killer T cells induced by the MLTR. 

Table 10 





Killer T cell activity (%) 


Control 


42 i 3 


r-IL-2 


10U//77* 


59 ± 1 


Natural NKAF 


1.6U/ml 


47 ± 7 


8U/ml 


48 ± 1 


40U/ml 


56 i 3 



Test Example 2 

Antitumor activity of the recombinant NKAF 

The NKAF activity of the BJK/pNK 8602-pSV2-dhfr clone supernatant was evaluated on the basis of the 
enhancement of the NK cell activity with the use of human cancer cell strain K-562 cells as target cells. 
Table 1 1 shows the results. 

The enhancing effect was determined by assuming NK-activity of the control to be 100%. Table 12 
shows the results. 

Namely, the effects of the recombinant NKAF were almost comparable to those of the natural NKAF. 

Table 11 



NKAF activity of BHK/pNK 8602*pSV 2 -dhfr clone supernatant 


Clone originating from BHK cell 


NKAF activity (U/ml) 


1 - 7 


160 


1 - 21 


80 


2-42 


40 


1 - 105 


120 
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Table 12 NK activity of 

BHK/pNK 8602.pSV 2 -dhfr clone 
supernatant (target cell: K-562) 



BHK cell 
clone 


1 - 7 


1 -21 


Dilution of 
. clone 
supernatant 
(fold) 


160 


118+ 1% 


113 ± 1 % 


80 


123+ 2 % 


113 ± 2 % 


40 


124 ± 5 % 


117+ 1 % 


20" 


129 ± 6 % 


133+ 1 % 


Control 


100% 


r-IL-2 


2. 5u/m£ 


125 ± 4 % 



Note: NK activity of the control was 
30 assumed to be 100%. 



35 Example 4 : Example added to NKAF Patent Application (NKAF expression in Escherichia coli) 

1 . Preparation of expression plasmid 

The DNA encoding mature NKAF was prepared by removing the signal sequence from NKAF cDNA 
40 and was inserted between PL promoter of bacteriopharge and rrnB terminator of E.coli. This expression unit 
was ligated to the vector pBR322 d-rop, which stably mantain a large copy number to construct an 
expression vector pNK8001. 

1) Construction of pBRD5001 (Fig.11) 

45 

PBRD5001 is obtained by replacing the vector portion of the lymphotoxin expression plasmid pTTSOOl 
(Japanese Patent Application 272034/1987 by pBR322 d-rop (Japanese Patent Application 272034/1987 and 
expected to stably retain a large copy number of plasmid This expression vector has trc promotor and rrnB 
terminator derived from pKK233-2 (mfd. by Pharmacia Fine Chemicals Co.). 

50 

2) Construction off pPL9-5001 (Fig.12) 

pPL9-5001 was constructed from pBRD5001, by replacing the promotor with PL promotor of bac- 
teriopharge . pPL- (mfd. by Pharmacia Fine Chemical Co.) was cleaved with EcoRI and Hpal to isolate an 
55 about 470 bp fragment containing PL promoter. This fragment was cleaved with Hae III to obtain an about 
265 bp fragment and the fragment was ligated along with the DNA fragment of the folloing sythetic SD 
sequence ; 
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5' TTAACAACTAAGGAGGA 3' 
3' AATTGTTGATTCCTCCTCTAG 5' 



to EcoRI-Bglll cleaved pUG131 plasmid [the plasmid obtained by replacing the polylinker of pUC13 (mfd. 
by Pharmacia Fine Chemicals Co.) for the polylinker of M13 tgl3l (mfd. by Amercham Co.) (Japanese 
Patent Application 272034/1987)] to generate pPL9. pBRD5001 was cleaved with EcoRI and Bgl II to 
10 remove an about 300 bp fragment containing trc promoter and the fragment (PL promoter + SD) of about 
280 bp produced by cleaving pPL9 with EcoRI was inserted to create pPL9-5001. 

3) Construction of pBRD702 (Figs. 13 and 14) 

js The nucleotide sequence CATATA coding His Leu of NKAF cDNA was converted into CATCTA by in 
vitro mutagenesis. The mutation introduced a new cleavage site for Afl II. 



20 



CTT CAT CTA AGG TCT GAG 
l Leu a His 3 Leu 4 Arg s Ser e Glu 



Afl n 



CTT CA IC TTA AGi G TCT GAG 

» l Leu 2 His a Leu*Arg 5 Ser 6 Glu 



This variant NKAF cDNA was excised with Afl II to create the NKAF fragment without signal sequence. 
A sythetic DNA tinker having a Bgl ll-cohesive end and an initiation codon followed by a sequence coding 
30 for Leu His was inserted upstream of the NKAF cDNA fragment and ligated to the vector fragment { Bgl II - 
Sail ) of pEH7084 ( Japanese Patent Application 253302/1988) ), creating pENK702 (fig. 13). In this plasmid, 
the cDNA coding for the mature NKAF is connected just downstream of trc promotor of pENK702 via the 
Bgl II site. A Bgl II - Pvul vector fragment of pBRD5001 and a Bgl II - Pvul NKAF cDNA fragment of 
pENK702 was then ligated thereto to create pBRD702 (Fig.14). 

35 

4) Construction of pNK8001 (Fig. 15) 

pPL9-5001, cleaved with Bgl II and then partially cleaved with Hind III, was separated by agarose-gel 
electrophoresis to isolate a vector fragment containing promoter and terminator. On the other hand, 
40 pBRD702 was cleaved with Bgl II and Hind III to isolate the NKAF cDNA fragment, which was ligated to the 
above vector fragment to generate pNK8001 . This constructed the expression plasmid having PL promoter, 
the mature NKAF cNDA and rrnB terminator ligated to pBR322 d-rop vector. The following expression 
experiments were conducted using pNK8001. 

45 2. NKAF expression in E.coli 



An E. coli strain. N4840 C1857, has a temperature sensitive mutation repressor and the induction of PL 
promoter is achieved by the high-temperature shift. 

pNK8001 and its equivalent lymphotoxin expression plasmid pPL9-5001 were introduced into the strain 
so N4840 via transformation to give an ampicillin-resistant transformants at 30 *C. The transformant of each 
plasmid was grown with shaking in LB medium at 32 'C untill OD 60 o of the medium reached about 0.2 
(time 0). Then, the temperature was shifted to 42 *C and the culture was continued. After the shift, the 
culture medium was taken at each designated period and subjected to analysis. 

The bacterial cells equivalent to 10 ODeoo (10 ml of the culuture medium in the case of OD-1 were 
55 harvested by centrifugation and resuspended in 0.4 ml of the breaking buffer (0.2M Tris of pH 7.6, 0.2M 
NaCI, 0.01 M Mg-Acetate, 0.01 M 2-mercaptoethanol, 5% glycerol) Cells were broken by sonication and the 
homogenate was centrifuged to remove cell debris. Concentration of NKAF in the cell extract was analysed 
by EIA using rabbit anti-native NKAF antiboty (Table 13). The production of NKAF was observed only in the 
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transformant possessing pNK8001 and its expression was induced by the temperature shift. The production 
reached maximum at 3 to 5 hours after the shift. 



Table 13 



NKAF expression in E. coli N 4840 


Plasmid 


Time after teperature shift 




0 


1.5 


3 


5 


7.5 h 


PNK8001 


3 


5 


26 


33 


19 ng/ml 


PPL9-5001 


2 








3 



The bacterial extract was subjected to EIA using rabbit anti-native NKAF antibody. One ml of the 
bacterial extract corresponds to 25 ODgoo of bacterial cells. 

Example 5 

(1) preparation of a secretive expression vector 

A DNA encoding mature NKAF was prepared by removing the signal sequence from NKAF cDNA and 
was inserted downstream the GAL7 promotor alpha-prepro signal sequence. It was connected with YEp13 
having a copying origin at 2 micrometers and the secretive expression vector pYNK1 902 was obtained. 

(1-1) pTN1071 

The pTNl071, shown in Fig. 16, has a structure such that GAL7 promoter disclosed in Japanese patent 
publication A 60-248181, synthetic OLIGO#01 and alpha-prepro signal sequence disclosed in Herskowitz et 
al., Cell 30, 933-943, 1982, are inserted pUC12. The vector has a starting codon ATG at the same position 
as GAL7 and for this reason it is expected to provide a large amount of transer. 

(1-2) pYNK1902 (Fig. 17) 

A Hindlll-Bglll fragment of pTN1071 and a Bglll-Xbal fragment of pNK8308 were inserted into Hindill, 
Xbal site of the M13 mp19 disclosed in Messing et al. Gene 33, 103-119, 1985, to obtain pM1901. In vitro 
mutagenesis was conducted, using the phage for a casting master and syntheric OLTIGO#02, to obtain 
pNM902 such that the DNA encoding a muture protein of NKAF just after the alpha-prepro signal sequence 
was added thereto and at the same time Aflll site was inserted thereinto without changing the sequence of 
amino acids. The pM1902 was cut with BamHI into fragments. The fragment was inserted into YEp13 at the 
BamHI site to obtain pYNK1902. This plasmid has the GAL7 promoter and for the reason is expected to 
provide a high expression of transfer only when a culture does not comprise glucose, but galactose. Also it 
is expected to secrete NKAF into the culture because of the alpha-prepro signal sequence. 

(2) expression of NKAF with a yeast 

In the Lithium method disclosed in Ito et al., J. Bacterid. 153, 163-168, (1983), pYNK1902 was 
transformed to the yeasts EHA-1C and EHF-2C shown in Table 14. In the data, och2 is a variable species 
which cannot accept addition of mannose at the temperature sensitivity. See Japanese patent publication A 
63-309180. The obtained products were cultivated, being stirred, at 25 degree C in a selected culture 
medium containing no leucin. Then glucose was replaced by galactose for the carbon source and the 
cultivation was continued by elevating the temperature to 34 degree C. Sampling was conducted from time 
to time. The sample was separated into the bacterial cells and the supernatant portion of the medium. The 
cells were mixed with PBS and glass beads, the resulting supernatant portion was broken with voltex and 
the supernatant of the medium was diluted to conduct EIA to natural NKAF with polyclonal antibody and 
monoclonal antibody. See Table 15. It was found that NKAF existed in the cells and then it was secreted 
and expressed in the supernatant of the medium. 
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Table 15 



strain Genotype 



E H A - 1 C a leuS p o p 4 g a 1 2 
EHF-2C a 1 eu2 pep4 gal 2 o c h 2 * 



Table 16 EIA 

(ng/ml/OD600) 



hour 


monoclonal antibody 
cell broth 


polyclonal antibody 
cell broth 


E H A - 1 C 0 
(PYHK1902) 4 

1 0 

2 4 


0 0 

5. 5 0. 6 

6. 5 1. 3 
6. 2 4. 3 


0 0 
9. 9 1. 1 

u, 3 i. e 

: 1 5, 1 2. 7 


E H F - 2 c 0 
(PYKM902) 4 
10 
2 4 


0 0 
1. 7 o. 9 
3. 8 3. 6 
3. 1 6. 4 


0 o 

3. 1 1. 4 
7. 6 6. 8 
5. 8 1 3. 2 



Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A recombinant natural killer cell activating factor, which has a peptide of the following amino acid 
sequence in its molecule: 



23 



EP 0 357 067 B1 



10 

LsuH i sleuAr gSerG 1 uThrSerThrPheG 1 uThrProLsy 
20 

GlyAlaLysThrlsuProGluAspGluGluThrProGluGIn 

3D* « 
GluMetG luGluThrProCysArgGluLsuGliiGluGluGlu 

SO 

GluTjpGlySerGlySerGluAspAUSerLyslysAspGly 

60 70 
AlaValGluSerl USerYalProAspMetValAspLysAsn 

20 

LeuThrCysProGiuGluGluAspThrV-ailysValValGly 
90 

1 leProGlyCysGlnlhrCysArgTyrleuleuValArgSer 

100 no 
UuGlnThrPheSerGlnAUTrpPheThrCysArgArgCys 

120 

TyrArgGlyAsnLeuValSerl 1 eH i sAsnPheAsn I IsAsn 
130 uo 
TyrArgl 1 eG 1 nCysSerYa 1 SerAl aUuAsrtG 1 nG lyG 1 n 

150 

YalTrpi leGlyGlyArgl I eThrG 1 ySerG I yAr gCy sArg 

160 

.ArgPheGlnTrpValAspGlySerArgTrpAsnPheAUTyr 

170 180 
TrpAUAlaHisG'InProTrpSerArgGlyGlyHisCysVal 

190 

AlaleuCysThrArgGlyGlyTyrTrpArgArgAUHisCys 

200 206 
LeuArgArgLeuProPhelleCysSerTyr 



A cDNA coding for a recombinant natural killer cell activating factor according to Claim 1 . 
The cDNA as claimed in Claim 2, which has the following base sequence: 
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C7TCATCTAAGGTCTGAGACTTCCACCTTTGAGACCCCTTTG 
GGTGCTAAGACGCTGCCTGAGGATGAGGAGACACCAGAGCAG 
GAGATGGAGGAGACCCCTTGCAGGGAGCTGGAGGAAGAGGAG 
GAGTGGGGCTCTGGAAGTGAAGATGCCTCCAAGAAAGATGGG 
GCTGTTGAGTCTATCTCAGTGCCAGATATGGTGGACAAAAAC 
CTTACGTGTCCTGAGGAAGAGGACACAGTAAAAGTGGTGGGC 
ATCCCTGGGTGCCAGACCTGCCGCTACCTCCTGGTGAGAAGT 
CTTCAGACGTTTAGTCAAGCTTGGTTTACTTGCCGGAGGTGC 
TACAGGGGCAACCTGGTTTCCATCCACAACTTCAATATTAAT 
TATCGAATCCAGTGTTC7GTCAGCGCGCTCAACCAGGGTCAA 
GTCTGGATTGGAGGCAGGATCACAGGCTCGGGTCGCTGCAGA 

CGCTTTCAGTGGGTTGACGGCAGCCGCTGGAACTTTGCGTAC 
TGGGCTGCTCACCAGCCCTGGTCCCGCGGTGGTCACTGCGTG 
GCCCTGTGTACCCGAGGAGGCTACTGGCGTCGAGCCCACTGC 
CTCAGAAGACTTCCTTTCATCTGTTCCTAC 

4. A manifestation plasmid involving a cDNA as set forth in Claim 2 or 3 as an alien gene and obtained by 
linking in such a manner as to enable regulation and manifestation in a selected host. 

5. A host transformed with a plasmid as set forth in Claim 4. 

6. An antitumor agent comprising a recombinant natural killer cell activating factor according to Claim 1 . 

7. A pharmaceutical composition which comprises a pharmacologically effective amount of the antitumor 
agent as defined in Claim 6 and a pharmacologically acceptable carrier. 

Claims for the following Contracting States : ES, GR 

1. The use of a recombinant natural killer cell activating factor, which has a peptide of the following amino 
acid sequence in its molecule: 



25 



EP 0 357 067 B1 



10 

LeuHisLeuArgSerGl uThrSerThr PheG 1 uTh rProLeu 
20 

GlyAl alysThrleuProGluAspGluGluThrProGiuGln 

30' 40 
BluMetGluGluThrProCysArgG JuLeuGliiGluGluGlu 

50 

GluTrpGlySerGlySerGluAspAlaSerLyslysAspGly 

60 -70 
AlaValGluSerl USerValProAspMetValAspLysAsn 

80 

teuThrCysProGluGluGluAspThrV-aUysYalYalGly 
90 

i leProGlyCysGlnThrCysArgTyrLeuLeuValArgSer 

ioo no 
LeuGlnThrPheSerGl nAl aTrpPheThrCysArgArgCys 

120 

TyrArgGlyAsnLeuValSeri 1 eH i sAsnPheAsn II eAsn 

130 U0 
TyrArgl 1 eG 1 nCysSer VatSerAl aLeuAsnG 1 nG 1 yG 1 n 

150 

YalTrpI leGlyGlyArgl 1 eThrG 1 ySerG 1 yArgCysArg 
ISO 

."ArgPheG ! nTrpVa UspGlySerArgTrpAsnPheAl aTyr 

UC 180 
TrpAlaAlaHisGInProTrpSerArgGlyGlyHisCysVal 

ISO 

AtaLeuCysThrArgGlyGlyTyrTrpArgArgAlaHisCys 

200 206 
LeuArgArgLeuProPhelleCysSerTyr 



as an antitumor agent comprising the recombinant natural killer cell activating factor. 

The use of Claim 1 for the preparation of a pharmaceutical composition which comprises a pharmaco- 
logically effective amount of the antitumor agent as defined in Claim 1 and a pharmacologically 
acceptable carrier. 

The use of a cDNA coding for a recombinant natural killer cell activating factor as defined in Claim 1 for 
the preparation of this natural killer cell activating factor. 

The use of Claim 3, characterized in that the cDNA has the following base sequence: 
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CTTCATC7AAGGTCTGAGACTTCCACCTTTGAGACCCCTTTG 

GGTGCTAAGACGCTGCCTGAGGATGAGGAGACACCAGAGCAG 

GAGA7GGAGGAGACCCC77GCAGGGAGC7GGAGGAAGAGGAG 

GAGTGG GGCTCTGG AAGTG AAG ATGCCTCCAAGAAAGATGGG " 

GCTGTTGAGTCTATCTCAGTGCCAGATATGGTGGACAAAAAC 

CTTACGTGTCCTGAGGAAGAGGACACAGTAAAAGTGG7GGGC 

A-TCCCTGGGTGCCAGACCTGCCGCTACC7CCTGG7GAGAAGT 

C77CAGACG777AG7CAAGC77GG777AC77GCCGGAGG7GC 

7ACAGGGGCAACC7GG777CCA7CCACAAC77CAA7A77AA7 

7A7CGAA7CCAG7G77C7G7CAGCGCGC7CAACCAGGG7CAA 

G7C7GGA77GGAGGCAGGA7CACAGGC7CGGG7CGC7GCAGA 

CGC777CAG7GGG77GACGGCAGCCGC7GGAAC777GCG7AC 
7GGGC7GC7CACCAGCCC7GG7CCCGCGG7GG7CAC7GCG7G 
GCCC7G7G7ACCCGAGGAGGC7AC7GGCG7CGAGCCCAC7GC 
C7CAG AAGAC77CC777CA7C7G77CC7AC 



5. Process for the preparation of a manifestation plasmid involving a cDNA as set forth in Claim 3 or 4 as 
an alien gene and by linking in such a manner as to enable regulation and manifestation in a selected 
host. 

6. The use of a plasmid as prepared in Claim 5 for forming a host transformed with this plasmid. 

7. Process for the preparation of a pharmaceutical composition by mixing a pharmacologically effective 
amount of the antitumor agent as defined in Claim 1 and a pharmacologically acceptable carrier. 

Pate ntansp aiche 

Pate ntansprli che fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Rekombinante naturliche Killerzellen aktivierender Faktor, dadurch gekennzeichnet, daG er in seinem 
MoiekCil ein Peptid der folgenden Aminosauresequenz besitzt: 
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.10 

L 2 u H i s L 2 'j A r g S e : G : . 7 q r : e : 7 >. ; r >, e G : u T h r r r c L e -j 

20 

G I / A 1 = L 7 s T n : L e -j F : c 1 -j A = z G I 'j G i u 7 h r ? r o G 1 u G i n 
G I u M e t G I G 1 u T h r ? r o C y s A r i G j u 1 2 u G i u G 1 uG I u G I u 
GluTrpGlySerGI ySsrG luAspAlaSerLysLysAspGly 
AlaVa 1G luS°erI 1 eSerYa I FrcAspiistYa lAspLysAsn 

30 

IcuThrCysProGluGIuGluAspThrY^ltysYalYalGIy 
90 

! 1 s?roG lyCysG 1 nThrCysArgTyrLauLsuVil ArsSer 

ioo no 
LeuG InThrFheSarGlr.AlsTrprhsThrCysArsArgCys 

L20 

TyrArsGlyAsaLeuYalSsrt lsKi sAsnFheAsn! 1 eAsn 

130 . HO 

TyrArgI 1 eG I nCysSerYal SerA 1 aleuAsnG I nG iyG I n 

L50 

YalT.rpI UGlyGlyArgl I sThfG 1 ySerG 1 yArgCysArg 
ISO 

.ArgPheG I nT rpYs 1 AspG lySerAr gTrp.AsnFheAUTyr 

170 UO 
TrpAUAlaHisGlnProTrpSerArgGlyGl yHisCysYal 

ISO 

AUUuCysThrArsGlyGlyTyrTrpArgArgAUHisCys 

200 2QS 
LeuArgArgLeuProPhelleCysSerTyr 



cDNA, die fUr einen rekombinanten naturliche Killerzelten aktivierenden Faktor gemaO Anspruch 1 
codiert. 

cDNA nach Anspruch 2, dadurch gekennzeichnet, da(3 sie die folgende Basensequenz besitzt: 
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cttcatct aaggtctgag acttccacc777gagacccctttg 
ggtgctaagacgctg::tgaggatgag:a:acac:agagcag 
5 gagatggaggagaccccttgcagggagc7ggaggaagaggag 

G A G T G G G 5 CT CT G G A A C- 7 G A AG AT G C CTC C A A G A A AG AT G G G 
w GCTGTTGAGTCTATCTCAGTGCCAGATATGGTGGACAAAAAC 
CTT A C G T G T C CT G A G G A A G AG G AC A C A G T A A A AGTGGTGGGC 
A-TCCCTGGGTGCCAGACCTGCCGCTACCTCCTGGTGAGAAGT 

15 

CT7CAGACGTUAG7CAAGCTTGGTTTACTTGCCGGAGGTGC 
TACAGGGGCAACCTGGTTTCCATCCACAACTTCAATATTAAT 

20 

TATCGAATCCAGTGTTCTGTCAGCGCGCTCAACCAGGGTCAA 
G T CT G GAT7G G AG G CA G G ATCAC AG G CTC G G G T CG CT G C AG A 

25 

CGCTTTCAGTGGGTTGACGGCAGCCGCTGGAACTTTGCGTAC 
TGGGCTGCTCACCAGCCC7GG7CCCGCGG7GGTCACTGCGTG 
30 GCCC7G7G7ACCCGAGGAGGC7ACTGGCGTCGAGCCCACTGC 
CTCAGAAGACTTCCTTTCATCTGTTCC7AC 

35 

4. Manifestationsplasmid. dadurch gekennzeichnet, daS es eine cDNA nach Anspruch 2 oder 3 als 
Fremdgen enthalt, und erhalten wurde, indem die Verkntipfung auf eine solche Weise durchgefChrt 
wurde, urn eine Regulierung und Manifestation in einem ausgewahlten Wirt zu ermoglichen. 

40 

5. Wirt, dadurch gekennzeichnet, dafl er mit einem Plasmid nach Anspruch 4 transformiert ist. 

6. Antitumoragens umfassend einen rekombinanten natUrlichen Killerzellen aktivierenden Faktor nach 
Anspruch 1. 

45 

7. Pharmazeutische Zusammensetzung, dadurch gekennzeichnet, daB sie eine pharmakologisch wirksame 
Menge des Antitumormittels nach Anspruch 6 und einen pharmakologisch annehmbaren Trager umfaBt. 

Patentanspriiche fur folgende Vertragsstaaten : ES, GR 

50 

1. Verwendung eines rekombinanten naturNche Killerzellen aktivierenden Faktors, der in seinem Molekul 
ein Peptid mit der folgenden Aminos3uresequenz aufweist: 

55 
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13 

LsuH i sLeuArgSsrG 1 uThrSerThrPheG 1 uThrProLsu 
20 

6 1 yAl sLysThrLsuProGl uAspG 1 uG 1 uThrProGl uG 1 n 
GluMetGluG luThrProCysArgGluLsuGluGluGluGl'j 
Gl uTrpGlySerGlySerGI uAs°pAUSerLysLysAspGly 
AlaYaiGluS 0 erIlBSerValProAspMetValAspLysA 7 sn 

, 50 . 

L.euThrCysRroGI uGl uGl uAspThrV^lCysYal ValGl v 
90 

IleProGlyCysGlnThrCysArgTyrLeuLsuValArgSer 

LeuGlnThrPheSerGlnAUTrpPheThrCysArgArgCvs 

120 

TyrArgGlyAsnleuValSerl 1 eH i sAsnPheAsn I leAsn 
130 

TyrArglleGInCysSsrVaiSefAlaLeuAsnGInGlyGIn 

150 

ValTrpI 1 eG lyGlyArgl 1 eThrG i y SerG 1 yAr gCy sArg 
150 

.'ArgPheGInTrpValAspGlySerArgTrpAsnPheAlaTyr 

UU i go 

TrpAl aAlaHisG'lnProTrpSsrArgGI yGlyHisCysVa I 

ISO 

AlaLeuCysThrArgGlyGl yTyrTrpArgArgAlaHisCys 

200 20s 
• LeuArgA rgLeuProPhel 1 eCysSerTyr . 



als Antitumormittel, das den rekombinanten naturliche Killerzellen aktivierenden Faktor umfaGt. 

Verwendung nach Anspruch 1 zur Herstellung einer pharmazeutischen Zusammensetzung, die eine 
pharmakologisch wirksame Menge des in Anspruch 1 definierten Antitumormittels 1 und einen pharma- 
kologisch annehmbaren Trager umfaBt. 

Verwendung einer einen rekombinanten naturlichen Killerzellen aktivierenden Faktor nach Anspruch 1 
codierenden cDNA zur Herstellung dieses naturlichen Killerzellen aktivierenden Faktors. 

Verwendung nach Anspruch 3, dadurch gekennzeichnet, daB die cDNA die folgende Basensequenz 
besitzt: 
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C77CA7C7AAGG7C7GAG AC77CCACC777GAGACCCC777G 

G G 7G C7 A AG A C G C7 G C C7 G A G G A7 G A G G AG AC ACC A G A G C AG 

GAGATGGAGGAGACCCCTTGCAGGGAGCTGGAGGAAGAGGAG 

GAGTGGGGCTCTGGAAGTGAAGATGCCTCCAAGAAAGATGGG' 

GCTGTTGAGTCTATCTCAGTGCCAGATATGGTGGACAAAAAC 

CTTACGTG7CCTGAGGAAGAGGACACAGTAAAAGTGG7GGGC 

ATCCC7GGG7GCCAGACC7GCCGC7ACC7CC7GG7GAGAAG7 

CTTCAGACGTT.TAGTCAAGCTT G GTTT ACT7G CC6GA6GTGC 

7ACAGGGGCAACC7GG777CCA7CCACAAC77CAA7A77AA7 

7A7CGAA7CCAGTG77C7G7CAGCGCGC7CAACCA6GG7CAA 

G7C7GGA77GGAGGCAGGA7CACAGGC7CGGG7CGC7GCAGA 

CGC777CAG7GGG77GACGGCAGCCGC7GGAAC777GCG7AC 
7GGGC7GC7CACCAGCCC7GG7CCCGCGG7GG7CAC7GCG7G 
GCCC7G7G7ACCCGAGGAGGC7AC7GGCG7CGAGCCCACTGC 
C7CAGAAGAC7TCC777CA7C7G77CC7AC 



5. Verfahren zur Herstellung eines Manifestationsplasmids, dafl eine cDNA nach Anspruch 3 Oder 4 als 
Fremdgen enthalt, wobei die VerknUpfung auf eine Weise durchgefUhrt wird, die einie Regulierung und 
Manifestation in einem ausgewahlten Wirt ermoglrcht. 

6. Verwendung eines nach Anspruch 5 hergestellten Plasmids zur Ausbildung eines mit diesem Plasmid 
transformierten Wirts. 

7. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung durch Vermischen einer pharma- 
kologisch wirksamen Menge des Antitumormittels nach Anspruch 1 mit einem pharmakologisch 
annehmbaren Trager. 

Revendications 

Revendlcations pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Activateur des cellules tueuses naturelles recombinant, possedant au sein de sa molecule un peptide 
dont la sequence d'acides amines est la suivante: 
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10 

L 2 u H : s L a u A r g 5 s r G i u7h:S = :Thr?heG 1 uThrPrclsu 
• ' zo 

G I y A 1 c L y s T h r L s u ? r c G 1 -j a s ? G i u G 1 uT h r ? r o G 1 u G 1 n 

■0" « 
G 1 ulletG iuG I uThr P roCy sAr g5 i uLsuG 1 uG iuGluGlu 

Gl uT/pGiySerGl ySerGluAspAUSftrlyslysAspG 1 y 

AtaValGluSer! 1 eSer Va IPrcAspMstYa 1 AspLysAsn 

ao 

LcuThrCysProGluGluGluAspThrViitysValValGly 
90 

lleFroGlyCysGlnThrCysAriT yrLsuLsuUlXrgSer 

ioo no 
LcuGlnThrPheSerGlnAUTrprheThrCysArgArgCys 

120 

TyrArgGlyAsnLeuValSerl 1 eK i sAsnPheAsnil eAsn 

130 U0 
TyrArgI UGinCysSerYaiSerAlalsuAsnGlnGlyGln 

150 

ValTrpi UGlyGlyArglleThrGlySerGlyArgCysArg 
160 

.ArgPheGlnTrpValAspGlySerArgTrpAsnFheAUTyr 

170 130 
TrpAUAIsHisG'lnProTrpSerArgGiyGlyHisCysVal 

1:3 

AULeuCysThrArgGlyGlyTyrTrpArgArgAUKisCys 

200 20S 
LeuArgArgleuProPhelleCysSerTyr 



ADNc codant pour un activateur des cellules tueuses naturelles recombinant selon la revendication 1 . 
ADNc selon ta revendication 2, qui possede la sequence de bases suivante: 
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CTTCA7CTAAGG7CTGAGACTTCCACCTTTGAGACCCCT7TG 
GG7GC7AAGACGC7GCC7GAGGA7GAG3AGACACCAGAGCAG 
GAGA7GGAGGAGACCCC77GCAGGGAGC7GGAGGAAGAGGAG 
GAG7GGGGC7C7GGAAG7GAAGA7GCC7CCAAGAAAGA7GGG 
GC7G77GAG7C7A7C7CAG7GCCAGA7A7GG7GGACAAAAAC 
C77ACG7G7CC7GAGGAAGAGGACACAG7AAAAG7GG7GGGC 
ATCCC7GGG7GCCAGACC7GCCGC7ACC7CC7GG7GAGAAG7 
CTTCAGACGTT.7 AGTCAAGCTTGGT77ACTTGCCGGAGGTGC 
7ACAGGGGCAACC7GG777CCA7CCACAAC77CAA7A77AA7 
7A7CGAA7CCAG7G77C7G7CAGCGCGC7CAACCAGGG7CAA 
G7C7GGA77GGAGGCAGGA7CACAGGC7CGGG7CGC7GCAGA 

CGC777CAG7GGG77GACGGCAGCCGC7GGAAC777GCG7AC 
76GGCTGC7CACCAGCCC7GG7CCCGCGG7GG7CAC7GCG7G 
GCCC7G7G7ACCCGAGGAGGC7AC7GGCG7CGAGCCCAC7GC 
C7CAGAAGAC77CC777CA7C7G77CC7AC 

4. Plasmide depression comprenant un ADNc comme defini a la revendication 2 ou 3 en tant que gene 
Stranger obtenu par ligature de maniere a permettre une regulation et une expression dans un note 
choisi. 

5. Hote transform^ avec un plasmide tel que d^crit a la revendication 4. 

6. Agent antitumoral comprenant un activateur des cellules tueuses naturelles recombinant selon la 
revendication 1. 

7. Composition pharmaceutique comprenant une quantite efficace sur le plan pharmacologique d'un agent 
antitumoral tel que defini a la revendication 6 et un support acceptable sur le plan pharmacologique. 

Revendicatlons pour les Etats contractants suivants : ES, GR 

1. Utilisation d'un activateur des cellules tueuses naturelles recombinant, poss£dant au sein de sa 
molecule un peptide dont la sequence d'acides amines est la suivante: 
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. ... , 10 

LeuHi sLeuArgSerGI ulhr SerThrPheG luThrP roLeu 

GlyAlcLysThrLeuProGluAspGluGluThrProGluGin 
30* <0 

GluMetGluGIuThrProCysArgGluLsuGluGlyGluGIu 

GluT/pGbScrGlySerGIuAs°pAlaSerLysLysAspGly 

A!aVaiGluS°erileSerValProAspHetValAs P LvsA 7 sn 

10 

LeuThrCysProGluGluGluAspThrV^lUysValValGly 
SO 

1 1 eProG 1 yCysG InThrCy sArgTyrLeuLsuVa 1 Ar gSer 

100 110 
LeuGlnThrPheSerGlnAlaTrpPheThrCysArgArgCys 

123 

TjrArgGlyAsnLeuValSerl 1 eH i sAsnPheAsn 1 1 eAsn 

TyrArgl leGlnCysSerValSefAlaLeuAsnGlnGlyGln 

150 

ValTrpt leGlyGlyArgf 1 elhfG 1 ySefG 1 yArgCysArg 
•ArgPheGlnTrpYalAspGlySerArgTrpAsnPheAlcTyr 

lit 180 

TrpAlaAlaHisGlnProTrpSerArgGlyGlyHisCysVal 

AlaLeuCysThrArgGI y G 1 yTy rTrpAr gAr gA i aH i sCys 

i . f 200 296 
LeuArgArgLeuProPhelleCysSerTyr 



en tant qu'agent antitumoral comprenant I'activateur des cellules tueuses naturelles recombinant. 

Utilisation de la revendication 1 dans la preparation d'une composition pharmaceutique comprenant une 
quantity efficace sur le plan pharmacologique de I'agent antitumoral d^fini a la revendication 1 et un 
support acceptable d'un point de vue pharmacologique. 

Utilisation d'un ADNc codant pour un activateur des cellules tueuses naturelles recombinant tel que 
dSfini a la revendication 1 pour la preparation de cet activateur des cellules tueuses naturelles. 

Utilisation de la revendication 3, caracteVis^e en ce que I'ADNc possede la sequence de bases 
suivante: 
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C77CA7C7AAGG7C7GAGAC77CCACC777GAGACCCC777G 

GG7GC7AAGACGC7GCC7GAGGA7GAGGAGACACCAGAGCAG 

GAGA7GGAGGAGACCCC77GCAGGGAGC7GGAGGAAGAGGAG 

GAG7GGGGC7C7GGAAG7GAAGA7GCC7CCAAGAAAGA7GGG * 

GC7G77GAG7C7A7C7CAG7GCCAGA7A7GG7GGACAAAAAC 

C77ACG7G7CC7GAGGAAGAGGACACAG7AAAAG7GG7GGGC 

A-7CCC7GGG7GCCAGACC7GCCGC7ACC7CC7GG7GAGAAG7 

C77CAGACG77.7AG7CAAGC77GG777AC77GCCGGAGG7GC 

7ACAGGGGCAACC7GG777CCA7CCACAAC77CAA7A77AA7 

7A7CGAA7CCAG7G77C7G7CAGCGCGC7CAACCAGGG7CAA 

G7C7GGA77GGAGGCAGGA7CACAGGC7CGGG7CGC7GCAGA 

CGC777CAG7GGG77GACGGCAGCCGC7GGAAC777GCG7AC 
7GGGC7GC7CACCAGCCC7GG7CCCGCGG7GG7CAC7GCG7G 
GCCC7G7G7ACCCGAGGAGGC7AC7GGCG7CGAGCCCAC7GC 
C7CAGAAGAC77CC777CA7C7G77CC7AC 



Proc^de* de preparation d'un plasmide d'expression comprenant un ADNc comme defini a la revendica- 
tion 3 ou 4 en tant que gene Stranger obtenu par ligature de maniere a permettre une regulation et une 
expression dans un note choisi. 

Utilisation d'un plasmide prepare selon la revendication 5 pour la formation d'un hote transform^ a 
I'aide de ce plasmide. 

Procede de preparation d'une composition pharmaceutique par melange d'une quantite efficace sur le 
plan pharmacologique d'un agent antitumoral tel que dSfini a la revendication 1 et d'un support 
acceptable sur le plan pharmacologique. 
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Fig- 1 
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FIG. 3 
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Fig. 



10 20 
LeuHisLeuArgSerCluThrSerThrPheOluThrProLeuGlyAULysThrLeuPro 

i KR-5 1 i 

' XR-9 — < 

30 40 
GluAspGluGluThrProGluGlnGlu.Me tGluCluThrProCysArgGluLeuGluClu 
— KR- 15. 18 — I 

50 60 
GluCluGluTrpGlySerGlySerGluAspAlaSerLysLysAspGlyAlaValGluSer 



70 80 
I leSerValProAspMetVal AspLysAsnLeuThrCysProGl uGluCl uAsoThrVa 1 
— KR-13 1 



90 100- 
LysV3) ValGlyl 1 eProCl yCysG 1 hThrCys ArgTyrLeuLeuVal ArgSfirLeuGl n 

1 Krt-8 1 j 

1 KR - 10 1 

110 120 
ThrPheSerGInAlaTrpPheThrCysArgArgCysTyrArgGlyAsnLeiiValSerl 1 e 
KK-19.20- 1 h 

130 140 
HisAsnPheAsnl leAsnTyrArg] 1 eGl nCysSerVa 1 ScrAl aLeuAs nGl nG 1 yGl n 
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1 I 
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Fig. 9 
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ACGAAGCAAACAAGGACCTCCGCTTTCGGAAGATCTAAACACCCACGAAGGTCTCTGGC 

70 80 90 100 110 

TGGGATAAAGCCAAGATGAAACTCCCCTTACTTCTGGCTCTTCTATTTGGGGCACTTTCT 
Me ILysLeuProLeuLeuLeuAlaLeuLeuPheGl yAlaVal Ser 

130 140 150 160 170 

GCTCTTCATCTAAGGTCTGAGACTTCCACCTTTGAGACCCCTTTGGGTCCTAAGACGCTG 
AlaLcuHisLcuArgSerGluThrSerThrPheGluThrProLeuGlyAULysThrLeu 

190 200 210. 220 230 

CCTGAGGATGAGGAGACACCAGAGCACGAGATGGAGGAGACCCCTTGCAGGGAGCTCGAG 
ProGluAspGluGluThrProGluGlnGluMe tGl uG L uThrProCysArgG 1 uLeuG 1 u 

250 260 270 280 ?90 

GAAGACGAGGAGTCGGGCTCTCGAAGTGAAGATGCCTCCAAGAAAGATGGGGCTGTTGAG 
GluGluCluGl uTrpGlySerGl ySerCluAspAl aSerLysLysAspGl yA 1 aVa 1 G 1 u 

310 32G 330 340 350 

TCTATCTCAGTGCCAGATATGGTGGACAAAAACCTTACGTGTCCTGAGGAAGAGCACACA 
Ser t leSerValProAsp.Me tVal AspLys AsnLeuThrCysProGl uGl uGt uAspThr 
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GTAAAAGTGGTGGGCATCCCTGGCTGCCAGACCTGCCCCTACCTCCTGGTGAGAAGTCTT 
ValLysValValGlyl 1 eProC] yCysGl nThrCysArgTyrLeuLeuVal ArgScrLeu 

430 440 VoO 460 470 

CAGACCTTTAGTCAACCTTGGTTTACTTGCCGGAGGTGCTACAGGGGCAACCTGGTTTCC 
C 1 nThrPheSerGl nAl aTrpPheThrCys Ar*ArgCysTyrAr*C I yAsnLeuVal Ser 
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ATCCACAACTTCAATATTAATTATCGAATCCAGTGTTCTGTCAGCCCGCTCAACCACGGT 
1 1 eHi sAsnPheAsnl leAsnTyrArgl 1 eG 1 nCysSerVa 1 SerAl aLeuAs nC 1 nG 1 y 
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CAAGTCTGGATTCCAGGCAGGATCACAGGCTCGGGTCGCTGCAGACGCTTTCAGTGCGTT 
Gl nValTrpI leGlyGlyArgl I eThrG I ySe rG 1 yArgCys ArgAr*PheG I nTrpVa I 

610 620 630 640 650 

GACGGCACCCGCTCGAACTTTGCGTACTGGGCTGCTCACCAGCCCTGGTCCCCCCGTGGT 
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CTTCCTTTCATCTGTTCCTACTGAGCTCGTCCCAGCCAGCAGTTCAGACCTGCCCTCTCC 
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TGGCCAGCTGCCTCCCCTCCTCTCCTTCCCATCCCTCCCTCCACCTCCCTGCAATAAAAT 

850 860 
GGGTTTTACTGA AAAAAAA AAAAAA AA 
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Fig. 11 
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Fig. 12 
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FIG.I7 
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